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Application of the Sample. Provided the ionic form and loading of the sample are compatible with the ionic form and capacity of the paper, it is possible to apply the sample as a single spot or streak where several smaller additions, with drying in between, would have been necessary on a conventional chromatogram. This is possible because the ions themselves are held in a relatively small area close to the point of application.
Location of Separated Zones. This can often be carried out with the usual spray reagents although it is sometimes necessary to make special additions to the reagents in order to release the separated ions from the exchange material itself.
The relative performance of ion-exchange papers with respect to their ability to separate amino acids is described below.
Under optimum conditions, cellulose phosphate allows the separation of the basic group of amino acids, from the acidic and neutral groups but the resolution within the individual groups is poor. In contrast, under the same conditions Zeo Karb 225 paper allows a much higher degree of resolution, particularly within the neutral group of amino acids. The different performances of the two types of paper are directly attributable to the different interaction effects of the exchanger matrix. These differing nonionic interactions are sufficient to cause reversals in the sequence within certain groups of amino acids.
Similar observations apply to comparisons of performance of weak cation exchange cellulose (carboxymethylcellulose) and weak cation exchange resin loaded (Zeo Kark 226) papers.
Whereas cation exchange resin loaded papers have been found to separate amino acids more efficiently than cation exchange cellulose papers, the opposite effects have been observed in comparing the performance of different anion exchange papers.
Thus, diethylaminoethylcellulose paper allows a higher degree of resolution of amino acids compared to De Acidite G resin loaded paper which contains the same functional group. Once again, the different performances can be attributed to the different matrix interaction effects on the two papers.
High resolution is obtained when the influences of the ionic and non-ionic interactions with the exchanger are additive.
These results illustrate how it is necessary, when separating organic compounds, to consider not only the relative ionising characteristics of these compounds and the exchanger but also the relative structures of their side chain and thẽ xchanger matrix. Although Kirchner and Keller (1950) had employed chromatography on paper impregnated with silicic acid in order to separate 2,4-dinitro-phenylhydrazones of ketones, Lea, Rhodes and Stoll (1955) were the first to separate phospholipids by this technique. Since then, chromatography on paper impregnated with silicic acid has been developed, particularly by Marinetti and co-workers, for the quantitative determination of various phospholipids (Marinetti, Erbland and Kochen, 1957) and for the separation of neutral lipids (Marinetti, 1961) . Separation of various neutral lipids had been achieved earlier by Dieckert and Reiser (1956) , using sheets of glass fibre" paper" impregnated with silicic acid.
This technique of chromatography is relatively simple, perhaps the most difficult step being the preparation of the impregnated papers. These are commonly prepared from Whatman No.1 (Marinetti et al. 1957) or Whatman 3MM paper (Rouser, Bauman, Nicolaides and Heller, 1961) . In this laboratory, the thicker Whatman 3MM paper has proved to have considerable advantage in being easier to manipulate during impregnation. The method of impregnating the papers is given in detail by Marinetti (1962) , Rouser et al. (1961) and Hack (1961) . We have obtained consistently better and more reproducible results when the impregnated papers were activated, i.e. heated at 105°, overnight, before use the following day. The lipid is usually applied to the paper in the form of a purified extract (e.g. such as that obtained by the method of Folch, Lees and Sloane-Stanley, 1957) but Marinetti and Stotz (1960) have obtained good separation of phospholipids and neutral lipids by applying blood serum (15-30 f!l) directly to the impregnated paper. For each spot a solution (10-30 f!l) of lipid (100-200 f!g) in isoamylalcohol-benzene (1 : I v/v) or chloroform:methanol (2 : I v/v) is applied to the paper. Development is most commonly carried out by the Marinetti (1962) procedure which involves ascending chromatography at 20°for about 18 hours with (A) 2,6-dimethyl-4-heptanone:acetic acid:water (40 : 25 : 5 v/v/v) for the separation of phospholipids (neutral lipids if present move with the solvent front) and for about 5 hours with (B) 2,6-dimethyl-4-heptanone:heptane (24: 96 v/v) for the separation of neutral lipids (phospholipids if present remain at the origin). Other solvent systems are described by Rouser et al. (1961) and Hack (1961) . After drying, the chromatograms are immersed in a 0·001 % (w/v) solution of Rhodamine 6G and the position of the resulting spots is determined by viewing under ultra violet light. With solvent system (A) it is possible to obtain good separations of polyglycerophosphatide, phosphatidyl ethanolamine, phosphatidyl serine, phosphatidyl choline, lysophosphatidyl ethanolamine, sphingomyelin and lysophosphatidyl choline. With solvent system (B) good separations of cholesterol ester, triglyceride, unesterified fatty acid, cholesterol and diglyceride may be obtained but monoglyceride tends to remain at the origin. Identification of the phospholipid components from their mobilities and by various spot tests (Marinetti, 1962 ) is usually reliable but may not be unequivocal. To facilitate the measurement of mobilities, we usually alternate spots of unknown lipids on each paper with spots containing a mixture of pure phosphatidyl ethanolamine, phosphatidyl choline and lysophosphatidyl choline. A more positive method of identification is to elute the spots and submit the phospholipids to the partial hydrolysis procedure of Dawson (1960) . The resulting water-soluble esters may then be identified by paper chromatography (Dawson, 1960) . After the identity of the spots has been established, these may then be cut out and eluted with methanolic HCl (Marinetti et al. 1957 ). The solvent is removed and the phospholipids are then digested with perchloric acid and the phosphorus is determined in the digest by the method of Chen, Toribara and Warner (1956) or by that of Bartlett (1959) as modified by Marinetti (1962) . Of clinical interest is the paper by Nye, Waterhouse and Marinetti (1961) in which the analysis of the individual phospholipids of plasma obtained from normal fasting subjects was determined by the technique described above and the results were found to agree with those obtained by chromatography on columns of silicic acid. In addition, used this technique to demonstrate a higher proportion of lysolecithin and sphingomyelin and a lower proportion of lecithin in the plasma of patients with the nephrotic syndrome than in the plasma of normal subjects.
An entirely different approach to the quantitative analysis of the phospholipids separated on paper impregnated with silicic acid has been made by Hooghwinkel and van Niekerk (1960) . For some time, we have successfully employed chromatography on paper impregnated with silicic acid for the analysis of lipids but we are now turning our attention to the possibility of using thin-layer chromatography for this purpose. Certainly the latter technique offers many advantages, e.g. the preparation of the plates is very simple and chromatographic development is very rapid. Good separations may often be obtained but as yet we have had insufficient experience with this technique to be able to judge whether or not it will eventually replace chromatography on paper impregnated with silicic acid for lipid analysis.
Despite its well known advantages, the technique of continuous gradient elution has not yet found much application in the lipid field (Wren, 1960) . Gradients may be classified as linear, convex, concave, or compound. ,..
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-- Concave or linear gradients give much better resolution than convex when applied to natural lipid mixtures on silicic acid columns. However, most of the methods for producing continuous gradients described in the literature are for convex gradients, or else they fail for organic liquids of unequal density.
Parr's method (Parr, 1954; Bock and Ling, 1954) has now been adapted to produce linear, convex, and concave gradients from any pair of liquids that do not change appreciably in volume on mixing. The new procedure is as follows.
(i) Choose the initial (CM) and final (CR) concentrations of the more powerful eluent.
(ii) Decide upon convexity, concavity, or linearity by choosing the concentration (CH) at the halfway mark. (iii) Calculate the ratio of the diameters of the reservoir (dR) and mixing chamber (dx) from the equation, where PR and PM are the densities corresponding to CR and CM. This is done very conveniently by means ofa nomogram. (Fig. 1.) da J PR -1 (C R -C H) dM =~. log 2 . log CR -CM (iv) Choose the approximate volumes of eluents required.
(v) Select the reservoir and mixing chamber to contain these volumes and fulfil the diameter ratio. The vessels will normally be reasonably cylindrical common pieces of laboratory glassware, such as bottles, measuring cylinders, and chromatographic column tubes. (vi) Place the eluents in the reservoir (CR) and
